The steroid hormone 20-hydroxyecdysone (20-OHE) induces, in Kc cultured Drosophila melanogaster cells, important morphological transformations and specific changes of enzymatic activities and of protein synthesis . These changes are accompanied by an increase of synthesis and an accumulation of actln. Specific probes were used to reveal transcripts of each actin gene in mRNA populations isolated from cells at various times of 20-OHE treatment. Only the two cytoplasmic actln genes 5C and 42A are expressed in Kc cells and the hormone induces the accumulation of transcripts of these two genes. We have also taken advantage of S1 mapping and extension procedures to identify the 5' ends of the actln mRNAs from these two genes and to compare their respective levels of expression. The 5C gene Is more expressed than the 42A one In untreated and in hormone treated cells. The 5C gene encodes three RNAs that differ in their 3' end. The two genes are Interrupted by an intervening sequence Immediately upstream of ATG initiation codon but not at the same position. The transcription rate for the two genes Is increased up to five fold upon 20-OHE treatment, demonstrating a direct effect of the steroid hormone at the transcriptional level for these genes.
INTRODUCTION
The contractile protein actin, found In all eukaryotic cells, has been implicated in a vanety of developmental and cellular processes ( for review see ref. 1) . Morever, another charactenstic of actin is that the genes encoding this protein appear to be members of a multigene family. Temporal and spatial expression of actin gene family members is well documented in metazoans. Two classes of genes were defined according to whether they encode muscle or cytoplasmic Isoforms (2) In Drosophila melanogaster there are two cytoskeletal and four muscle actin genes (3) 20-Hydroxyecdysone (20-OHE) induces dramatic morphological changes In Kc Drosophila cultured cells.Subsequently cells acquire motillty and then aggregated). During this differentiation process there is a sharp increase in the synthesis and accumulated amounts of actln as detected by two-dimensional electrophoresls (5) and by the DNase I inhibition assay (6) . This Increase of actin synthesis apparently results from an Increased quantity of actin mRNA as assayed by In vitro translation of Kc cells mRNA. In a search of 20-OHE regulated sequences (7) by differential screening of a Drosophila genomtc library we have isolated a 20-OHE Inducible gene that we have identified as the 5C actin gene. We have used this probe to show that 20-OHE induces an increase of the steady state of actln mRNA In Kc cells (8) . In this paper we have examined the organization and the expression of the actin multigene family In Drosophila cultured cells. We have used transcribed but untranslated sequences from the actin genes as hybridization probes, making it possible to specifically follow the qualitative expression of these genes during 20-OHE Induced differentiation of the Kc cells. Quantitative expression and precise structure of the two cytoplasmic actin genes were established by S1 nuclease protection and primer extension.
MATERIALS AND METHODS:
Ceil culture and hormone treatment The Drosophila cell line used In this study was derived from the lines established by Echaller and Ohanesslan (9) . This line Kc167 was grown at 23°c In D22 medium with 2% foetal calf serum. 20-hydroxy-ecdysone (SIMES) was added to cell cultures from a 10mM stock in 95% ethanol, to a final concentration of 1jiM. DNA isolation and labelling Drosophila high molecular weight nuclear DNA was prepared from Kc cells by the method of Gros-Bellard et al (10) . Recombinant charon phages were grown as described by Blngham et al (11) and DNA was prepared according to the technique of Maniatis et al (12) . Plasmid DNA was prepared as described elsewere (13) . PolvA + RNA preparation, electroohoresis and blotting RNA was extracted by the SDS-hot phenol-chloroform technique described by Palmlter (14) . Subsequently polyA + RNA was selected by oligo d(T) chromatography (15) . RNAs were slzefractioned on 1.0% agarose / formaldehyde gels (16) and transferred to nitrocellulose. For hybridization with 32 P labelled nick translated probes, prehybridatlon, hybridation and washing procedures were as described by Thomas (17) . S1 nuclease mapping and primer extension analysis S1 nuclease mapping was carried out according to methods developed by Berk & Sharp (18) . Poly A + Kc cell RNA and DNA fragments to be hybridized were first mixed and copreclpitated with ethanol. The pellet was dried under vacuum and dissolved in 13u.l of a buffer containing 62% (v/v) formamlde, 0.4M NaCI, 40 mM PIPES (pH 6.5) and 1mM EDTA. The solution was boiled for three min. and incubated at 55° for 15h. The DNA-RNA hybrids were diluted with 300|xl In S1 digestion buffer containing 4 mg of denaturated calf thymus DNA/ml and 300 u of S1 nuclease (Boehringer). The mixture was incubated at 37° for 1h and the digestion products analyzed on a 5% polyacrylamide sequencing gel.
End-labeled double stranded primer (approximative^ 5000 counts/min.) was mixed with O.1ng of poly A + RNA, precipitated with ethanol and suspended In 13(xl of 80% formamide, 40mM PIPES (pH6.4), 1 mM EDTA and 0.4M NaCI. The samples were heated to 85°C for 3min. and then annealed for 15h at 55°C. The hybrids were diluted fivefold with stop buffer to give a final salt concentration of 0.1 M NaCI, and the samples were precipitated with ethanol, dried and suspended in 8Ou.l of reverse transcriptase buffer containing 50mM Tris (pH 8.3), 50mM KCI, 6 mM MgCI2 and 2mM dithiothreltol. The reaction was started with the addition of reverse transcriptase , 12 to 15 units per microliter and Incubated at 37°C for 1h. The reaction was stopped by addition of 80til of stop solution to give a final concentration of 10mM EDTA, 0.1% SDS and 1M ammonium acetate. DNA was extracted once with phenol and once with chloroform and ethanol precipitated. Samples were loaded on a 5% polyacrylamide sequencing gel.
Appropriate exposures were scanned densitometrically on a Vernon integrating dansitometer. A series of trial experiments with various amounts of poly A + RNA known to contain actin mRNA showed that for low film exposures there was a linear relationship between the amount of actin mRNA and the darkening of the film.
In vitro transcription
Nuclei were Isolated by poterisatlon of Kc cells In the presence of an hypotonic buffer (TNM) plus detergent(10mM Tris-HCI,pH7.4/ lOmMNaCI/ 3mM MgCI2/0.1mM PMSF and 0.5% Nonidet P40). Nuclei were pelleted by a rapid centrifugation(2 min/800g/4°C) . The nuclear pellet was washed once with TNM without Nonidet P40. The washed nuclear pellet was resuspended in 40% (vol/vol) glycerol/ 50mM Tris-HCI,pH8/ 5mM MgCI2/ 0.1 mM EDTA/ 5mM DTT and 5mM PMSF. In vitro transcription reactions were performed by incubating an aliquot of nuclei(5x10& nuclei per mi) for 30min at 32°C In a 6O41I reaction mixture containing 10% glycerol (vol/vol)/ 350mM ammonium sulfate/ 10mM MgC^/ 1.25mM DTT/ heparin sulfate at 1 mg/ml/ 0,5% Sarkosyl/ 0.5mM GTP/ATP/CTP and 2(iM [a 32 P]UTP(410CI7mmol). RNAs were purified essentially as described (19) except that the first phenol/chloroform extraction was omitted. For hybridization of newly transcribed RNA to plasmld DNA dots, filters were prehybridized for 12h and hybridized for 72h at 40°C In hybridization solution as described by Thomas (17) . The same number of counts per minute, from 1-5x10 s cpm/ml, were added to each hybridization reaction. Sequencing of fragments cloned In ohaoe M13
Suitable restriction fragments of purified plasmid DNA were cloned into phage M13mp8 (20) . Sequence from the restriction sites shown In Fig. 1 was determined using the dldeoxy chain termination method of Sanger el al (21) . Single strand template preparations and synthesis reactions were carried out as specified on the Phamacia data sheet.
Biohazards associated with the experiments described In this publication have been examined previously by the French National Control Committee.
RESULTS

Construction of specific probes for the cytoplasmlc actin genes:
We have previously isolated and characterized a 20-OHE Inducibfe gene in Kc cells (8) and identified this gene as the 5C actin gene. The actin gene family has been isolated by Fyrberg et al (22) and Tobin at al (23) . They have shown that the protein coding regions of these genes were approximately 85% homologous and so crosshybridlzed efficiently. This property allows us to isolate with the actin 5C probe other phages containing actin genes from a recombinant XDm library (12) . In each isolated phage the actin gene was identified by restriction mapping and chromosomal assignment. The EcoRI fragments containing the entire cytoplasmlc actin genes, 5C and 42A, were subcloned in pBR328 and analysed in detail. Because of the conservation of amlnoacld encoding nucleotlde sequences in actin genes, these clones cannot be used to detect the transcripts of anyone Individual gene. Since only about 1.1kb is needed to encode an actin protein, it Is clear that even the smallest actin RNA transcripts observed (8) must contain approximately 0.5 kb of untranslated regions at either one or both ends of the transcript.Moreover it is well known that the 5' and 3' ends of conserved multigene families have diverged and do not crosshybrldize. We therefore Isolated specific probes from the transcribed but nontranslated 5'(5C) and 3'(5C and 42A) portions of these actin genes whose position is indicated In Flg.1. The specificity of each probe was tested by hybridization to EcoRI genomic blots of Kc cell DNA. In our moderate conditions of hybridization, each of these probes hybridizes only to a DNA fragment of the same molecular weight as that from which It was derived (Fig.2b, 2c , 2d), contrasting with the hybridization of a probe containing nucleotides encoding the actin protein (Fig.2a) . Such a probe hybridizes to fragments of six different sizes In an EcoRI digest of Kc cell DNA. 3' specific probes were also isolated from the four other actin genes 57B.79B, 87E and 88F (data not shown). Thus all these specific probes will hybridize only to the transcripts of the actin gene from which they were derived and could be used to know what actin genes are expressed in Kc cells and whether 20-OHE induced accumulation of specific actin transcrlpt(s).
Expragilon of the two cytoplasmlc actin genes la regulated by 20-OHE:
To study variation in steady state levels of cytopJasmlc actin gene transcripts, poly A 
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Kb 5C 5C «A To test the specificity of each probe, 10>g of Kc cell DNA were digested by EcoRI. fragments were size separated and transferred to nitrocellulose. Each filter was hybridized with the 5C coding region (a), the 5' specific 5C probe (b), the 3' specific 5C probe (c) and the 3' specific 42A probe (d). Hybridizations were in 50% formamide, 42°C and washs in 0.5X SSC,0.1% SDS, 42°C.
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Nucleic Acids Research RNAs were prepared from Kc cells untreated and treated with 20-OHE for different time. Equal amounts of RNA were subjected to agarose-formaldehyde gel electrophoresis, transferred to nitrocellulose filters and hybridized to nick-translated urtspeclfic or specific probes ( Fig. 3 and 4) .
The 5C actin gene unspeciflc probe reveals (Flg.3B) two RNA bands of 1.7 and 1.9Kb and a minor one of 2.2Kb. The 5' specific 5C probe (Flg.3A) reveals also these three actin mRNAs demonstrating that this actin gene encodes In Kc cells at least three different RNAs. This probe reveals also two faint bands of about 3.5Kb that are probably the premessenger RNA since this probe contains a large part of Intronic sequences and only a short exon (24, 8) . Moreover these bands are only present in whole cell RNA and in nuclear RNA and not at all In cytoplasmic RNA (data not shown). The use of the 3' specific 5C probe shows (Fig.3C ) that the heterogeneity of the 5C encoded transcripts is in part due to a 3' end heterogeneity. Indeed this probe reveals only the 1.9Kb and 2.2Kb mRNA bands. Thus the 3' end of the 1.7Kb RNA is upstream or near the proximal Hindlll site of the probe C and the two others 1.9 and 2.2Kb extends more downstream to this site. The 42A actin gene unspeciflc probe reveals also the same three RNA bands as the 5C one (Fig.4A) . But the 3' specific 42A probe shows that this gene is transcribed at low level in Kc cells In one RNA of 1.7Kb and that this 42A specific RNA accumulates during 20-OHE treatment to reach a six fold increase after 23 hours of hormonal treatment (Fig.4B) . Specific 3' end probes for the other actin genes were developed but although they detect trancripts in RNA of pupae (79B, 88F and 87E) and In larvae (57A)(data not shown) each of them failed to detect any In either untreated or treated Kc cells.
So we can conclude that only the 5C and 42A genes were expressed and that 20-OHE increase the steady-state level of each mRNAs of these genes But comparison of the intensity of the RNA detected by the specific probes of the 5C and 42A genes is very difficult because the length of each probe was very different, although their specific activities were roughly the same. So to compare the relative abundance of trancripts of each cytoplasmic actin gene we decided to use the quantitative technique of S1 nucleate analysis (25) .
Quantltatlon of Individual 42A and 5C actin gene expression:
The 5' end of the Kc transcripts) from each cytoplasmic actin gene has been mapped by S1 nuclease anaiysls (18) . Poly A + Kc cell RNA was hybridized to DNA fragments of varying lengths from both Drosophila actin genes. The DNA fragments used in these experiments are Indicated In Under the conditions of DNA excess hybridization that we have used In these experiments, the intensity of the autoradiographic signal from a transcript Is proportional to the abundance of the complementary RNA. The two primer fragments (5C and 42A) were of similar specific activities 
An Irrtron split the 5' untranslated region of the 42A gen»:
When S1 mapping experiments were carried out with a 42A probe that is larger than the Hlnfl-Hinfl probe used in Fig.5 , two bands were protected. A very strong band that allows to place the beginning of the protection at the position -23bp(±5) upstream from the ATG and a faint band that results from the protection of an mRNA extending to -256bp (±10)upstream from the ATG (data not shown). This band was Interpreted as a protection due to premessenger RNA. The presence on the 5C and 42A mRNA of a larger untranslated sequence than that observed by S1 mapping was confirmed by RTase extension experiments using the same fragment Bglll-Hindlll from each gene as pnmer. Pnmer extension experiments (Fig.6) show that the 42A probe gives one band and the 5C probe three bands, one major and two minor ones. The lengths of the major extended fragments We have determined the sequence at the 5' end of the 42A gene. This was accomplished by sequencing in both directions from the Taql and Sail sites shown in Fig, 1 . This sequence is shown in Fig.7 and Is aligned with the sequences yet available for the 5C gene (24) . Six nucleotides immediately upstream the ATG codon are conserved in the untranslated region of the two cytoplasmic actin genes. The 42A Intervening sequence is 155 nucleotides in length and the complete nucleotide sequence of it Is shown in Fig.7 . The Intervening sequence junctions as determined by S1 mapping and RTase experiments could be aligned perfectely with canonical sequences for such junctions, and with the other intron-exon junction sequences of other Drosophila actin genes (24, 26) . No detectable homology by sequence analysis could be detected between all of the 42A actin intervening sequence and that of the other actin genes.
2O-OHE regulates actin gene expression at the level ot transcription:
We have measured the relative rates of transcription of the 42A and 5C actin genes using a nuclear run on assay and the filter hybridization procedure (27) under conditions of DNA excess.
Levels of UTP a 32 P incorporation were decreased by > 80% by a amanitin (1|ig/ml), and hybridization with actin probes by more than 95% (data not shown), indicating that the nuclei preparation used are able to perform ONA-dependant RNA synthesis mediated by RNA polymerase II.
Moreover there is no difference in total incorporation for nuclei preparations from untreated and 32P-labelled nuclear RNA run on was hybridized to denaturated DNA fragments (1Ojig) containing specific cloned 3' sequence* of the 5C (probe C, Fig. 1 ) and the 42A (probe B, Flg.1) genes and pUC8 vector DNA spotted onto nitrocellulose strips. In this experiment all the hybridization reactions were earned out with Inputs of 4 x lO^cpm of the labelled RNA sequences. Numbers above the dots indicate the duration of 20-OHE treatment of Kc cells.
DISCUSSION
We have presented a detailed study of the structure and of the expression of the two cytoplasmic actln genes 5C and 42A in Kc cells during 20-OHE induced differentiation by using 
